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TECHNICAL NOTE 3866

FATIGUE TESTS ON NOTCHED AND UNNOTCHED
SHEET SPECIMENS OF 2024-T3 AND 7075-T6 ALUMINUM ATIOYS
AND OF SAE 4130 STEEL, WITH SPECIAL CONSIDERATION OF

THE LIFE RANGE FROM 2 TO 10,000 CYCLES

By Walter Illg
STMMARY

Fatigue tests were performed on notched and unnotched sheet specimens
made of 2024-T3 and 7075-T6 alumimm alloys and of SAE 4130 steel. The
steel was tested in two conditions: normalized and heat-treated to a
tensile strength of 180 ksi. The notched specimens had theoretical stress-
concentration factors of 2.0 and 4.0 and the mean loads were O and 20 or
50 ksi. ZEmphesis 1s placed on the life range from 2 to 10,000 cycles.

Some previously published dats are included to extend the date to life-

times up to 108 cycles. It was found that repeated applications of stresses
in the vicinity of the uvltimate strength on notched and unnotched specimens
produced fallures in much smaller numbers of cycles than might be inferred
from previously published data. Ratios of fatigue strengths of unnotched
specimens to those of notched specimens are glven.

INTRODUCTION

The main objectlives of past fatigue investigations have been to
establlsh the endurance limits and the fatigue lives at stresses which
produced failures 1n much more than 10,000 cycles. A limited amount of
data has been published for fatigue tests which produced fallures in
less than 10,000 cycles (refs. 1, 2, and 3). Reference 1 gives only a
few data for short lives with load ratlo equel to zero for steel. Data
for repeated applications of a chosen natural strain that produces fallures
in 1 to 7 eycles on 2024-T3 aluminum-alloy bars are given in reference 2.
The results of axial-load fatigue tests on notched and ummotched aluminum-
alloy and steel specimens in which no failures occurred between 1 and 100,
1,000, or 10,000 cycles for stress-concentration factors of 1.0, 2.0, and
4.0, respectively, appear in reference 3.
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The present investigation was undertaken to extend avallable fatigue
data to include the range between 2 and 10,000 cycles for 2024-T3 and
7075-T6 aluminum alloys and for SAE 4130 steel. The steel was tested in
two conditions: normalized and heat-treated to a tensile strength of
180 ksi. The results of fatigue tests of similar specimens made from the
same lot of materlal and tested at Battelle Memorial Imstitute are included
(refs. 4, 5, and 6). Also included are all data from reference T.

SYMBOLS

Kg ratio of meximum nominal stress in unnotched specimen at given
lifetime to that in notched specimen at same lifetime h
(stress-concentration factor effective in fatigue)

Kp theoretical stress-concentration factor
N number of cycles to failure
R ratio of minimum nominal stress to maximum nominal stress,
loed ratlo
Sm mean nominal stress
Smax mexlimum nominal stress
Sult ultimate tensile strength
SPECTMENS

Details of specimen configuratlions are glven in figure 1. The average
tensile properties of the four materials eppear in table I. The materials
were obtained from special stocks of commercial 0.090-inch-thick 2024-~T3
and TOT5-T6 aluminum-slloy sheets and 0.075-inch-thick SAE 4130 steel
gheets retained et the Langley Aeronautlical Iaboratory for fatligue-test
purposes. The sheet layouts are shown in figures 1 and 2 of reference k.
One-half of the SAE 4130 specimen blanke were hardened by being heated to
1 5750 F and gquenched in warm oil. They were then clamped, six at a time,
to & heavy flat bar and drawn at 850° F to & hardness of Rockwell C LO.
This heat-treated material will be referred to as "hardened steel" in the
rest of thls paper.

In fabricating the notched specimens, the blanks were first clamped
in stacks and machined along their longltudinal edges. Then they were
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irdividually mounted in a milling machine on & combinatlon turnteble and
cross-slide support and the notches were cut with a milling tool rotated
about an axis normal to the plane of the specimen. Notches with theoret-
lcal stress-concentration factors Kp of 2.0 and 4.0 were mede with
helical-edged milling tools having 0.188-inch and 0.100-inch dismeters,
respectively. The cutter speeds used for both notch configurations were
1,500 rpm for the 2024-T3 aluminum alloy, 1,000 rpm for the TO75-T6 alumi-
num alloy, 1,000 rpm for the SAE 4130 normaslized steel, and 675 rpm for

the SAE 4130 hardened steel. Machining cuts were made successively lighter,
and the last few cuts were sbout 0.0005 inch deep. The burrs at the notches
were removed with fine crocus cloth. The cloth was moved with light finger
pressure in a longitudinal direction along: the specimen face at the base

of the notch. The unnotched specimens were mounted on the headstock of a
lathe to cut the 12~inch-radius curve.

Al]1 the notched hardened-steel specimens were practically undistorted
by heat treatment and machining; but, despite precautions taken to maintain
flatness, the unnotched hardened-steel specimens were warped to a degree
verying between virtual fletness and 0.25 Inch out of a plsne. The bending
stress introdueced by straightening a specimen assumed to have a circuler
curvature of the specimen face with 0.25 inch as the rise of the arc 1is
T.5 ksi.

Al]1 the notched specimens tested at the langley Isaboratory were
unpolished. Most of the unnotched specimens were electropolished as
were all the notched and unnotched specimens tested at Battelle Memorial
Institute. (See refs. L4, 5, and 6.)

EQUIPMENT

Two types of fatigue testing mechines were used in this series of
tests. One was a subresonant machine which operates at 1,800 cpm. (Bee
ref. 5.) The natural frequency of the system was adjusted to about
1,900 cpm by varying the mass of the loading unit which was excited by
a rotating eccentric.

A photograph of the second type of testing machine, a double~acting
hydraulic Jack, 1ls presented as figure 2. The principsl parts of this
mechine are: a constant-discharge pump, a rate-control valve, a four-way
valve to direct the hydraulic pressure, a double-acting hydraulic ram,
and a null-method air-operated weighing system. The machine operates in
a manner similar to that of other hydraulic testing machines. This machine
was modified by the addition of an electric welghing system and an air
servo for operating the four-way valve. Contacts on the electric loed
indicator were adjusted to actuste the alr servo whenever the load on the
specimen reached the desired value. The hydraulic pressure was thus
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directed to the opposite side of the load piston to reverse the direction
of load aspplication. Special grips similar to those used 1n the subreso-
nant machines were used to permit testing of sheet specimens. (See ref. 5.)

Guide plates similar to those described in reference 5 were used to
prevent buckling of the specimens. A low-voliage current was passed con-
tinuously through the specimens to operate a relay which stopped the
hydraulic pump when the specimen feiled.

An electronic load-measuring device was used to monitor the applied
loads in the automatically controlled tests. Monitoring wes necessary
because time delsys in the sutomatic-control mechanism mede it difficult
to preset the limiting contacts on the electric welghing system with suffi-
clent precision. The loads were measured with the electronic monitoring
equipment with a meaximum error of approximately tl1 percent.

TESTS AND TESTING PROCEDURE

Final load adjustments were necessary during the initial stages of
each fatigue test. Since the high-stress tests terminated after a small
number of cycles, & relatively slow acting machine (the hydraulic Jjack)
was required in order to allow the adjustments to be made before a large
percentage of the total 1life had elspsed. A faster machine (the subreso-
nant type) was required to perform the low-stress tests within 2 reason-
able length of time.

During those tests in the jack in which failure was expected to occur
after 30 cycles, the rate-control valve was fully opened to allow meximum
testing speed., ILoads were controlled sutomatically by the electric con-
trolling device described in the sectlon éntitled "Equipment". Cycling
speed was dependent on the load range and varied from about 14 to 50 cpm;
the higher load ranges corresponded to the lower frequencies.

Tests 1in which faillure was expected to occur in less than about
30 cycles were manually controlled in the double-ascting hydraulic Jack,
In these tests, the rate-control valve was used to decrease the loading
rate when approaching the maximum and minlmum loads for more precise
load control. The frequency of manual cycling veried from O.4 to 1.0 cpm.
Ioad-time curves for the jack are 1llustrated in figure 3. The precipitous
unloading was due to the sudden release of oill pressure which occurred
while shifting between tension and compression. The curved portions
resulted from manipulation of the rate-control valve,

-
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The fatigue behaviors of four materisls with various combinations
of Kp end S were investigated by covering the 1life range from 1 to

approximately 108 cycles for each combination shown in the following
table:

Mean stress, Sy, ksil, for -
Material
Kg = 1.0 Kp = 2.0 Kp = 4.0
2024 -T3 aluminum alloy o] 0 and 20 0 and 20
T7075-T6 aluminum alloy o] 0 and 20 0 and 20
Normalized SAE 4130 steel 0 0 and 20 0 and 20
Hardened SAE 4130 steel 0 and 50 0 and 50 0 and 50

Most tests were run at stresses which caused failure in less than
10,000 cycles. A few tests in each group were run at lower stresses to
afford comparison of the results with data obtained at Battelle Memorisal
Institute on similar specimens. (See refs. 4%, 5, and 6.)

The effect of cycling speed on the fatigue strength was investigated
in & limited way by testing identical specimens at tlie same stress condl-
tions but at different cycling rates., For prectical reasons these tests
were limited to stress levels which were expected to cause fallure in the
neighborhood of 10,000 cycles. High-speed tests at shorter lives were
almost impossible to perform and low-speed tests at longer lives would
have been extremely time consuming.

The greatest errors in load applicetion were less than 5 percent and
occurred during the first few cycles of the sutomatically controlled tests
while final edjustments were being made.

RESULTS AND DISCUSSION

The results of the fatigue tests are given in +tables II to V and are
presented in figures 4 to 15 as maximum nominal stress plotted against the
nuwber of cycles to fallure (designated herein as S-N curves). The
scatter in the results of the tests in the short-life range was remarkably
small, whereas the tests at long lifetimes indicated consglderably more
scatter in the results.

Of the unnotched hardened-steel specimens, 19 were appreciably warped
after heat treatment. During these tests the guide plates, which were
employed to prevent buckling, straightened the specimens and necessarily
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introduced bending stresses, with the maximum stresses probably occurring et
the minimum cross section. The fatigue cracks in 13 of the 19 warped spec-
imens were initiated on the concave face (the face that probebly contained
tensile bending stresses due to straightening). However, the scetter in the
S-N curves for the umotched hardened-steel specimens (fig. 13) was not
extreme and indlceted that these bending stresses played a minor role in
determining the fatigue life.

The minimum number of cycles to failure, greater than 1, for all the
S-N curves regardless of the value of mean stress fell between 2 and 58.
Minimum lives for those groups subjected to completely reversed loading
only (R = -1) were less than 16 cycles. These minimum lives differed
from those published in reference 3 which showed that, for R = O, fatigue
fallures at stresses near the uwltimate tenslle strength 4id not occur in

less then roughly lOu, 103, end 102 cycles for specimens having velues of
Kp equal to 1.0, 2.0, and 4.0, respectively. The materials used in that

investigation were 6061-T6 aluminum alloy and 347 and 403 stainless steels.

The present investigation resulted in S-N curves that are concave
upward et the long-life end end have a reversal of curvature at a life-
time dependent on the stress-concentration factor and, to a lesser extent,

on the mean stress. These inflection points occur et roughly 105, 105,
and 102 cycles for stress-concentration factors of 1.0, 2.0, and %.0,
respectively, for all four msterials. The S-N curves for mean stresses
grester than 0 generally have the reversal at a somewhat greater number
of cycles than the curves for mean stresses of O.

Of practical interest to the aircraft designer 1s the fatigue
behavior of specimens subjected to repeated stresses in the vieinity of
two-thirds of the ultimate tensile strength. Thils stress corresponds to
the 1imit design stress of a given aircraft part. Table VI glves the
number of cycles to failure at thils stress level for each materisl and
type of specimen. The specimens with the highest stress-concentration
factor Kp had the shortest lives at this loading with the aluminum alloys

having the lowest velues. The results of the tests on steels at R = -1
compared on this basis show that the hardened steel has & longer fatigue
1ife then the normalized steel for unnotched specimens, whereas the reverse
1s true for the notched specimens with Kq = 2.0 snd 4.0.

If it is assumed that for R = -1 an unnotched specimen would fall
in the same number of cycles as & notched specimen, provided the maximum
local stresses are equal in both specimens, it follows that the effective
stress-concentration factor of the notch would be equal to the ratio of
the maximum nominal stresses in the two specimens. This ratlo Xmp of

the nominal stresses at the same number of cycles ls plotted against the
maximm nominal stress of the notched specimens in figure 16.
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In figure 16, the limits of the scatter bands are the ratios of the
corresponding limits of the scatter of the S-N curves. The Ky curves

extend to the ultimate tenslle strengths of the notched specimens. The
maximum values of Kp were generally smaller then Kgp because size

effect reduced the severity of the notch. (See ref. 8.) Im general,
Ky decreased with increased nominal stress because the meximum local

stress entered the plastic range. The width of the scatter band for Kg
also decreased with increased nominal stress.

It was found in previous investigations, such as those reported in ref-
erences 3 and 9, that the tensile strength of notched specimens scmetimes
exceeded that of unnotched specimens made of the same material. In the
present investigation, the notched TOT75-T6 specimens had somewhat higher
tensile strengths than the unmotched specimens; for Kp = 2.0 +the Increase

was 9 percent and for Kp = 4.0 +the increase wes 4 percent. For notched
2024-T3 specimens, however, the reverse was true; that is, for Kp = 2.0

there was no static-strength change and for Kp = 4.0 a reduction of

8 percent was produced. The tensile strengths of the notched steel speci-
mens, both normalized and hardened, were about 8 percent higher than those
of the unnotched steel specimens.

No effect of polishing was found. Alsc, no definlte difference in
test results was found between specimens tested at 50 and 1,800 cpm; however,
it should be noted that only a very small number of tests entered into
this comparison,

CONCLUSIONS

Fatigue tests were performed in the life range from 2 to 10,000 cycles,
and previously published data have been included to extend the data to

lifetimes up to lO8 cycles. Notched and unnotched sheet specimens made
of 2024-T3 and TOT5-T6 aluminum slloys and of SAE L4130 steel with theo-
retical stress-concentration factors of 1.0, 2.0, and 4.0 were used. The
steel was tested in normalized and hardened conditions. The following
conclusions can be drawn:

1. Repeated epplication of stresses in the vicinity of the ultimate
strength on notched and unnotched specimens produced failures in much
smaller numbers of cycles than might be inferred from previously published
data.

2. The ratio Kp of the fatigue strength of unnotched specimens to
that of notched specimens at the same lifetime decreased with increased
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nomingl stress. The scatter in these ratios also decreased with increased
nominal stress, -

3. The tensile strengths of notched specimens made of TO75-T6 alumi-
num alloy and SAE 4130 normelized and hardened steelse were higher than
those of unnotched specimens in the same materlals. The reverse was true
for 2024-T3 aluminum slloy. —

}t, There sppeared to be no significant difference between the test
results of pollshed and umpolished specimens or between the test results
of specimens cycled at 50 and 1,800 cpm.

Langley Aeronauticel Leborstory,
National Advisory Committee for Aeronautics,
langley Field, Va., September 5, 19H56.
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TAELE XI.- AXTAL-LOAD FATICUS TEST RESULTS FOR 200k-T5 ALDMINIM-ALLOY SHERT SPRCIMENS

(a) Xp=1.038 =0

L Heximm ntress, | Fatigue life, Frequency,
o Bpaxy kni K, cycles opm Bemerks
ATT 81 2 75.;[ ————— ——— Btatic tensile test
A79 8L 6 kR - —
ATS 81 % =a ——
———ee 3.0 e — Static tensile test and Eattelle (ref, k)
AT9 8L T T2.0 T | ===-- Mamially comtrolled
ATB BL 3 T2.0 T ——
AT BL 6 10.0 102 12 Automatically comtrolled
ATE 81 T T70.0 105 12
AT3 81 5 0.0 131 12
A3 M 2 65.0 3k2 30 Menually controlled and autometically controlled
ATh B1. 6 3.0 665 25 Automati controlled
ATh 81 8 65.0 67 15
AlD3 M 2 .0 3,000 1,800 SBubreacnent machinas (ref. 5)
MO K2 55.0 6,000 1,800
A0k K 2 5.0 8,000 1,800
:g 81 55.0 8,948 7 Automatic controlled
£ 8 .0 8,998 17
K108 K 2 50.0 10,668 22
ALITH 1 0.0 11,000 1,800 Gubregonant machines (ref. %)
u:l.z M1 50.0 16,000 1,800
AL09 M 2 %5.0 11,662 ok Autanatically controlled
ATT S1. 8 5.0 16,000 1,800 Subresanant machines (ref, 5)
ATk M 1 5.0 31,000 1,800
AT6E 81 8 k3.0 36,000 1,800
A02 M1 5.0 51,000 1,800
Allk K 2 .0 37,000 1,30
A9 H 2 .0 39,000 1,800
AL MY k0.0 60,000 1,800
AL K1 %0.0 ,000 1,800
AJOB K 3 %0.0 70,000 1,800
ALOG M 1 0.0 87,000 1,800
AT1L M 2 35.0 50,000 1,800
AOT K 3 3.0 66,000 2,800
A9 M1 3.0 109,000 1,800
AG K 1 35.0 161,000 1,80
A3 H 2 30.0 119,000 1,800
K105 K 3 30.0 185,000 1,800
A8 M2 30.0 241,000 1,
AB M1 30.0 g,ooo 1,800
AOTK 1 30.0 ,000 1,800
ALI9M 1 30.0 339,000 1,800
ALOT M 2 25,0 205,000 1,800
AL12 X 2 25,0 3k9,000 1,
A3k ¥ 2 25.0 1,197,000 1,800
A8 K 1 25,0 1,k8%,000 1,800
AIOZ M 3 2.0 65,000 1,800
ALl M1 23.0 1,40k 000 1,
A03 K1 2.0 2,070,000 1,800
A2 M1 £3.0 3,330,000 1,800
A133 M2 20.0 X ‘1,800
A6 H 2 £0.0 555,000 1,800
A% K 2 £0.0 880,000 1,800
AIZT M 2 £0.0 3,50k, 00C 1,800
ATB 8. 2 £0.0 %, 515,000 1,
ALT K 2 20,0 6,4h1,000 1,800
M3 K2 20.0 11,831,000 1,
A3 M1 20.0 15,196,000 1,800
AL1S M 2 £0.0 ,001,000 1,800
K106 M 1 2.0 8,875,000 1,800
A9 M 2 .0 868, 1,800
AT9 813 18.0 >25,863,000 1,800
A0S M1 18.0 101,109,000 1,800
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TAELE IT.- AXTAL-LQAD FAFIGUB TEST RESULTS FOR 202%~T5 ALUMINUM ALLOY SHEET SPECIMENS ~ Continued

(b) Kp = 2.0
Haximm stress, Fatigue 1ife, Frequency,
Bpecimen Spnys ¥51 N, cycles e Rewarks
By =0

------ 5 ——————— — Static tensile test and Battelle (ref. 6)
A55 €1, 1 BO | eemme—— ——— Statie teIaua test
A BL T T2.8 | e —
Ash g1 L .S | Manually comtrolled
A%5 81 8 TS 6 ——
A 99 70.0 6 —
A5 813, 0.0 7 ——
455 81 6 0.0 T ——
A% LS 62.5 21 12 Autome controlled
A%3 81 3 62.5 39 1%
AS3 81 9 62.% k1 ——— Mamually controlied
A%h 81 5. 55.0 = 122 15 Automat; confrolled
ASk 81 2 5%.0 138 1
ASh 82 10 gg.o 139 15
A%S 81 2 .0 PB6 o
A5k 81 7 %0.0 1,027 21
AL @16 0.0 1,049 7
AT9 82 B 35.0 3,400 1,100 Battelle (ref. 6}
ASk 52 B 35.0 3,500 1,100
ASS 8L 3 .0 2,960 28 Automatically controlled
AT B B 30.0 6,500 1,100 Battelle (ref. 6)
AB0 53 B 30.0 7,700 1,100
A3T BL 6 28.0 10,000 1,800 Subresonant machines
A58 8L 6 28.0 u,ﬂlsg 30 Auhxmf.icn.l.‘LI controlled
e 25.0 2, J———
ABA 82 B 25.0 17,400 1,100 Battelle” (ref. 6)
A29 82 B 20.0 0,000 1,100
A3% 82 B 15.0 160,000 1,100
ﬁg 8. 8 1%5.0 207,000 1,800 Subresonant mechines

s2 B 15.0 210,000 1,100 BEattelle (ref. 6)
AT5 82 B 15.0 54,000 1,100
AL S2 B 13.5 287,000 1,100
AT 81 9 13.0 3,259,000 1,800 Subr machines
ATh 85 B 11.0 >10,586,000 1,100 Battelle (ref. 6)

B = 20

A%8 81 8 6.5 |  eemmmm——— —— Static tensile test
A%8 81 3 3.5 131 ——— Manuslly controlled
A58 81, 1 T3.0 76 ——
A58 81 9 T2.0 109 ———
AS6 Bl 1 L5 103 —— !
AS6 BL 3 0.0 28 16 Aurtomatically controlied
A%6 SL & 0.0 59 16
A% BL E T0.0 86 16 |
A% 8L 70.0 106 —— Memually Somtrolled
AS6 €1, 6 65.0 ko 19 Autonatically comtrolled
AST B1 1 65,0 283 19
AS3 Bl 6 60.0 606 21
A%3 81 2 60.0 Tho 21
AS3 81 10 60.0 Bk 21
ASh 82 B 22.5 3,100 1,100 Eattalle (ref. 6}
AST 8L T 9.0 3,641 29 Automatd controlled
AST BL b k9.0 5,430 29
ATO 82 B k9.0 000 1,100 Battelle (ref, 6)
A8y 83 B k9.0 9,300 1,100
AR2 82 B 5.0 21,800 1,100
AgL B2 B 45.0 25,300 1,100
A%8 81 10 %0.0 5,723 20 Automatically controlled
AST 81 % 4o.0 20,000 1,800 fuhrescnant machines
A58 =1 2 %0.0 33,855 b2 Automatically olled
ABO B2 B 35,0 500 1,100 Battelle (ref. €)
A 82 B 3.0 82,200 1,100
A0 82 B 3.0 28,200 1,200
AS2 82 B 31.0 128,500 1,100
AB3 82 B 31.0 218,700 1,100
ATB 82 B 30.0 18,300 1,100
AST €1 10 29.5 132,000 1,800 Subrescnant machines
A8 81 A 29.5 191,000 1,800
AL 82 B 29,5 >1%,11k4,700 1,100 Bettella (ref, 6)
ABg 82 B 27.3 >15,671,%00 1,100
A58 BL T 25.0 >57,058,000 1,800 Subrescnant machines
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TABLE IT.- AXTAL-LIOAD FATIGUE TEST RESULES FOR 2024-T3 ALUMINUM ALIOY SHEET SPECIMENS -~ Concluded

(e} Ep=1h.0
Maximm stress, Fa: 1ife Fre

Specimen 8., Xat B eyeies T Remarks

Ba=0
AL &1 2 68.6 Static 1le test
A30 81 & 67.8 :E
A33 81 8 66.0 2 0.5 Manually controlled
A33 81 6 66.0 3 A

65.4 Stetic tensile test and Battelle (ref. 6)

A30 81 3 63.0 Y K Menuslly controlled
A33 811 65.0 5 .6
A30 BL 5 62.0 5 &5
A30 81 2 62.0 5 1
AZ2 31 9 60.0 9 .5
A32 818 60.0 9 .8
A32 81. 6 60.0 12 2
232 81 2 55.0 12 1 J
A35 81 8 55.0 13 1 k
A33 81 % k6.2 3k 2% Aurtomatically controlled
A5 8T k.0 3T 19
A35 8L 5 39.4 T 19
A35 81 3 39,k 7 19
A33 81 8 3%.5 131 2%
A35 81 10 3.5 17k for)
A32 81 5 4.5 176 1k
A3k SL T 34.5 181 20
A35 8L & 29.6 hoo 26
A32 81 10 29.6 k32 2
AFS 81 2 27.6 TIL 30
A3l 81 10 2.5 1,390 ko
A32 811 .5 1,580 35
A3k 811 22,5 2,586 39 r
A10 S5 B 22.% 3,200 1,100 Battelle (ref. 6)
A30 81 1 17.5 9,52k 48 Automstically controlled
A34 BL 3 17.5 10,000 1,800 Subresonent mechines
AT 83 B 17.5 10,000 1,100 Battelle (ref. 6)
A9 83 B 12.5 53,400 2,100
A5 83 B 10.0 121,500 1,100
A3k 8L & 10.0 498,000 1,800 Subrescnant machines
A33 8L 3 8.0 , 1,800 J
Ak3 85 B 8.0 Shh 10O 1,100 Bettalle (ref. 6)
A% 53 B T.5 1,256,700 1,100
Mk 83 B 7.0 6,309,100 1,100
A3 B1 T T.0 7,725,000 1,800 Subresonant machines
A50 85 B 5.0 >10, 969,000 1,100 Battelle (ref. 6)

Gy = 20
A32 8L & 67.5 5 0.8 Manually controlled
A3l 811 67.0 5 1.2
A33 BL T 67.0 6 1.5
A31 B1 3 66.0 15 1.1
A3k 81 10 6%.0 L N S
A3L &Lk 6.0 22
A33 51 & 63.0 23 ———
A34 S1 6 63.0 26 ——

v

A3L 61 8 5T.5 62 22 Autormatically controlled
A35 BL 1 T3 65 22
A35 81 6 k1.3 316 29
A31 81 5 h7.5 31T 29
A3k 81 5 k0.0 1,587 37
A30 8L 10 37.% 1,65 3T ¥
Al12 55 B 35.0 3,700 1,100 Mettelle (rvef. 6)
A3l 81 T 35.0 6,313 5L Automatically controlled
A29 83 B - 52.5 9,000 1,100 Battelle (ref. 6)
Ak 81 & 50.0 22,000 1,800 Subresonant machines
A9 83 B 30.0 26,600 1,100 Battelle (vef. 6)
Al6 83 B 27.5 59,500 1,100
A58 81 3 27.5 k9,000 1,800 Subresonant machines
A3T 3 B 25.0 2,343,000 1,100 Battelle (ref, 6)
A3 855 B 22.5 >10, 321,500 1,100 b
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TABLE ITT.- AXTAL-LOAD FATIGUE TEST RESULAS FOR TO75-T6 ATLUMINUM-ALIOY SHEET SPECIMENS

(8) Kp = 1.0; 8y =0

Maximm stress, Fatigue life, Frequency,
Specimen SEIB.X.’ ksi N, cycles cpm Remarks
B33 81 8 82.6 Static tensile test
--------- 82.5 Static tensile test snd Battelle (ref, k&)
B13h M 1 82,0 13 | - Menually controlled .
Bi5 8L 6 82.0 18 | -
B3k s 1 81.9 Static tensile test and Battelle (ref. L)
B39 51 & 81.0 46 ——— Manuatly controlled
B0 81 6 8.0 30 | eeee-
BT St 3 5.0 107 ———— Automatically controlled
B 81 7 5.0 3 12
5 A5 70.0 228 b1
--------- 70.0 320 13
B35 8L 3 60.0 1,667 20
B34 81 3 60.0 1,688 16
Bi2 81 1 50.0 5,182 19
Bl 81 T 50.0 8,132 20 ¥
Bl118 91 6 50.0 18,000 1,800 Subresonant machines (ref. 5)
BY3 811 30.0 19,000 1,800
BT 81 4 50.0 27,000 1,800
BLOL M 1 50.0 33,000 1,800
BI32 M 2 50.0 5000 1,800
BlITM 1 40.0 10,000 1,800
E131 ¥ 2 %0.0 64,000 1,800
BL13 SL 2 %0.0 68,000 1,800
Bl02 M 1 Lo.0 10k,000 1,800
Bl09 M 1 30.0 9%,000 1,800
BEL13 11 30.0 147,000 1,800
HL30 M2 2 30.0 149,000 1,800
B1O3 M 1 30.0 437,000 1,800
B3 813 27.0 152,000 1,800
B37 8L 2 25,0 248,000 1,800
BMI1 M 1 25,0 262,000 1,800
B0 M 1 25.0 295,000 1,800
BHl 81 6 25,0 303,000 1,800
B3 91 2 25.0 32k ,000 1,800
Bl2T K 2 25.0 549,000 1,800
BlO6 M 1 25.0 ,000 1,800
ElOh M L 25.0 758,000 1,800
BES M1 20,0 573,000 1,800
Bk M 1 20.0 . 1,800
H1Z M 1 20,0 656,000 1,800
B13 M1 20,0 660,000 1,800
BI30 M 1 20.0 TO4, 000 1,80
B3k 8L 5. 20.0 TT1,500 1,800
B35 M 2 20,0 1,148,000 1,800
BB M 1 20.0 1,992,000 1,800
Bi5 61 8 20.0 1,524,000 1,800
Bi32 M L 18.0 1,049,000 1,600
H28 M L 18.0 1,220,000 1,800
B8 M 1. 18.0 3,137,000 1,800
BL16 ¥ 1 18.0 3,837,000 1,800
B129 M 1 18.0 8,956,000 1,800
BL23 M 1 18.0 37,T70,000 1,800
BIM 1 18.0 >52,017,000 1,800
HO00 M L 18.0 >52,%13,000 1,800
B38 81 3 18.0 59,795,000 1,800
BUg M1 18.0 >971,856,000 1,800
B25 ML 17.0 1,842,000 1,
Bl22 M 1 17.0 10,856,000 1,800
H2T M 1 17.0 ,621,000 1,
R26 M 1 16.5 55,815,000 1,800 R
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BABLE ITT.- AXTAL-LOAD FATTGUE TEJT RESULTS FOR 7075-T6 ALUMINUM-ALLOY SHEEY EFECIMENS = Continued

(b) Xn w20

Maximm sizess, Fatigue Yife, Frequency,

fpeciman Bpnys ksl B, cycles o= Remarkg
B =0

B98 8L 6 9.0 Static ils test
B8 8L T 80.8
BB 81 5 B8g.2
B96 BL T 89.0 5 ————— Namally controllsd
BS9 BL 7 83.0 6 —
B8 8L 5 8.0 T r—

- 87.5 Btatic tensile test lna Buttells (ref. §)
M1g8 81.0 T ————— Manmually controlled
B82 B 5 87.0 8 ——

BS3 81 8 ar.0 10 — ”
BYT 8L 7 .0 3 n Autamaticelly combrollsd
BSS &1 7 5.0 L6 10
BAL A1 9 5.0 - 10
B8l Bt 6 65.0 1Tk ——
P96 81 6 65.0 ny ——
B98 g1 8 65.0 ko ———
B9% 81 10 35.0 258 ———
E9T 81 8 5.0 302 ——
B8 8L 10 35.0 ;ﬁ 15
BT 81 6 .0 2k
BEB A1 & .0 1,12k 20
B3 8L & %0.0 1,313 20
BT SL 1 ko.o 2,h5k 20
BE5 A1 2 0.0 1,588 20
B96 8L & 3%.0 2,110 271 N
B0 2 B 3%.0 ,000 1,100 Battells (ref. 6)
B93 85 B 34.0 5,k00 1,100
B100 £3 B .0 5,500 1,100
B8B83 8L 7 30,0 6,196 27 Actoxatically controlled
B96 81 5 30.0 T,000 1,80 Bubrescnent machines
B9T 81 10 30.0 7,000 1,80
BT S2 B 30.0 11,k00 1,100 Battells (ref. 6)
392 63 B 30.0 12,000 1,100
Bik 52 B 28.0 19,000 1,100
BYS 65 B 2k.0 23,700 1,100
BB2 81 &k 24.0 38,000 1,800 Subrescpant machines
B85 8L 1 23.5 31,000 1,80
B26 82 B 21.0 89,000 1,200 Battelle (ref. 6}
B6 B2 B 18.0 213 1,100
B17 82 B 15.0 37,500 1,100
28 82 B 15.0 579,000 1,100
B0 82 B 15.0 1,%6k,%00 1,100
Bh3 62 B 2.5 >10, 853,000 1,100 k
By = 20
Bg8 61 3 90.7 Btatic tensile test
P99 BL 2 so.z |
B 8L 6 8. 4 1.0 Kanuelly ccntrolled
BS3 81 10 8.8 22 R
B 81 2 8.0 [ .8
P96 81 10 83.0 12 .8
B99 £ 1 &s.0 39 -
BSOS 61 10 88.0 ko T ¥
B98 A1 9 8.0 119 1 1 Automatically comtrolled
B8 B1 & 0.0 120 13
BAL E1 & 0.0 392 17
B89 £ 10 70.0 3599 T
BIT-61 5 0.0 e 1T
B85 51 5 6.0 1,765 =
B2 62 B 56.0 2,100 1,100 Battells (ref. 6)
BYT S5 B 5.0 e,ano 1,100
POT 8L 9 %0.0 +TIL 28 Autauatically
B3 82 B 50.0 5,000 1,100 Bettelle (ref. 6)
BEL €1 5 5.0 6,15k x5 Autaretically
BElk 82 B k5.0 11,%00 1,100 Battelle (ref. 6}
B85 k0.0 13,000 1,80 Subresonent machines
Bx0 82 B %0.0 13,500 1,100 Battelle (ref. 6}
Bl 82 B 3.0 28,000 1,100
B2 82 B 32.5 76,800 1,100
B2T 82 B 30.0 621,500 1,100
BEL A1 2 %0.0 ,862,000 1,80 Subresonent machinas
Bl 81 1 30.0 10,556,000 1,800 v
B23 82 B .0 284,000 1,100 Battelle (ref. 6)
B8 82 B ] >10,781,700 1,100

15
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TARLE IIT.~ AXTAL-LOAD FAZIGUE TEST ERSULPS FOR TOT5-I6 ALIMINUM-ALLOY SEEET EPECIMENS - Conaluded

(o) Ep=k.0
1 Vaximm gtress, Potigue life, Frequenoy, Remaz,
Epec Bpays N, aycles cpm s
8y =0
B8 51 8 87.6 Static tensile test
B%0 £ 9 8.8 JES—— ————— -
BhB 8L 9 85.5 3 RS Manually controlled
B5L 81 10 83.5 3 K3
————— ge.5 . Gtatic tensile test ani Battelle (ret. 6)
BYS 81 10 82.0 IS .5 controlled
B4Y9 81 10 8.0 5 [E—
B48 8L 3 8.0 5 5
B9 B 3 80.0 5 T
BUS g1 10 7.0 10 .5
BhE 81 & g.o 19 Z
BB 8L 7 5 e .
Eo 81 8 62.5 15 T L
a1 62.5 17 T
BY9 g1 9 5.0 24 Automatically conmtrolled
Bhg 81 2 55.0 24 ——— l
B50 8L %5 b5 ) 1.0 Menually controlled
E48 89 6 LT.5 5L 7 Automatically controlled
B49 81 4 Lo.o 8 ————
BUG 81 T 40.0 115 19
Bi9 81 5 32.5 329 23
BAkG .81 B 32.% 365 ———
B9 81 6 30,0 2,622 Ry
B4 B1 1 25.0 2,208 28
BL7 81 7 24,5 1,588 2
BT EL 5 200 5261 s A
BkS 83 B 20.0 5,300 1,100 Pattella (ref. 6}
Bl0 B3 B 16.25 17,800 1,100
B51 8L 2 15.0 30,000 1,80 machinas
B35 83 B 12,5 70,000 1,00 Battella (ref. §)
B0 8l 6 10.0 27k ,000 1,800 Subreacnant mechines
B36 83 B 9.85 %39, 200 1,100 Bettells (ref. 6)
B19 85 B 8.5 969,200 1,100 L
B51 81 9 8.0 10,232,000 1,800 Subrescnant machines
B28 §3 B 1.5 ,652, 1,100 Battelle (ref. 6)
B20 83 B T.5 5,722,000 1,100
B3l 83 B E-D >12,50%5,%00 1,100
B29 83 B 0 >10,247,800 1,100
B = 20
B4 61 3 85.0 .9 Manually controlled
BUS 81 7 8.0 E ~————
BLS BL 9 85.0 9 .9
BAT 81 L 8.0 10 1.0
B4T B1 10 83.0 1 1.2
B4 51 8 83.0 12 1.2
B6 £1 3 8.0 13 1.0
BYT BL 2 &.0 1k 1.0
B46 B 2 ™. 23 1.1
BY4S 8L & g.o 26 1.0 &
Bh6 BL 1 .0 by 19 Aubomatically aontrolled
B4YT 81 9 6%.0 k9 18
BhI g1 l:t 4.0 169 2
BSL 61 .0 170 23
B51 81 8 Eg.o 652 0 __
B0 51 2 ¥5.0 6 0
L 4
B2l 83 B 5.0 2,500 1,100 Battelle (ref. 6)
BhG BL 6 35,0 3,804 hg Autcrietically o
B25 85 B 32.5 5,500 1,100 —— Battells (ref. 6)
BSS g1 L %0.0 2,639 28 Automstically controlled
BT 81 3 30 9,000 1,800 Subresonant machines
BS1 61 6 20.0 10,000 1,800
Bll 8% B 30.0 10,500 1,100 Battelle (ref. 6)
BS 83 B 0.0 10,700 1,100
558 g1 2 30.0 11,000 1,800 Subresonant mechines
§ﬁ§ g5 B 27.5 ,800 1,100 Battelle (ref. 6)
83 B 5.0 46,500 1,100
BYL 81 7 25.0 83,000 1,80 fhbresonant rachinss
B9 81 9 25.0 140,000 1,800
B50 BL 1 25.0 :5&22,000 1,800
B6 85 B 2.5 500 1,100 Battelle' (ref. 6)
BYG 83 B 22.% >10,457,000 1,100
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TABLE IV.- AXTAL-LOAD FATIGUE TEST RESULTS FOR NORMALIZED

SAE 4130 STEEL SHEET SPECIMENS

(a) Kp=1.0; 8, =0

17

tmen |Mexlmm stress, | Fatigue life, | Frequency, emar
Spec Spaxs k81 N, cycles cpm R ks
caok M 2 120.5 | secemcsmmeee ] cemeeeee Static tensile test
C2ll M 2 117.5 2 | mmee—e—— Manually controlled
colk M 2 117.5 k 1.1
c212 M 2 115.0 8 0.8
C212 M 1 115.0 9 1.0
C209 M 2 112.0 i (o TR [ —
Co09 M 1 112.0 11 .6
C210 M 1 112.0 1k 1.0
Co1l M 1 112.0 16 | ~mmmeee- ¥
C200 M 1 105.0 39 14.5 | Automatically controlled
Cl99 M 2 105.0 92 18 to 13
C201 M 2 105.0 D I 4
€213 M 1 100.0 P= A [ — Manuslly controlled
C208 M 2 100.0 265 20 to 14 | Automatically controlled
Cl99 M 1 100.0 266 | —mem—me-
Coo8 M 1 200.0 350 20
C207 M 2 80.0 3,553 28
C205 M 2 80.0 1,392 | comemme- v
C13 M 2 75.0 8,400 1,100 Battelle (ref. 4)
€253 M 2 70,0 17,000 1,800 Subresonant machines
co3h M 1 65.0 13,000 1,800
Cca56 M 2 65.0 58,000 1,800 A 4
C50 M 2 65.0 98,800 1,100 Battelle (ref. L)
€250 M 1 60.0 36,000 1,800 Subresonant machines
C236 M 2 60.0 96,000 1,800
ce38 M 2 55.0 114,000 1,800 v
c8o M 2 55.0 246,000 1,100 Battelle (ref. 4)
C235 M 2 55.0 601,000 1,800 Subresonant machines
C239 M 1 50.0 891,000 1,800 v
C58 M 1 50,0 1,530,800 1,100 Battelle (ref. L)
C231 M 1 50.0 1,984,000 1,800 Subresonant machines
C203 M 2 50.0 54,116,000 1,800
C223 M 1 18.0 858,000 1,800
C202 M 2 47.0 33,987,000 1,800
cook M 1 k7,0 56,933,000 1,800 v
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TABLE IV.- AXJAL~LOAD FATIGUR TBST RESULTS FOR NORMALIZED
BAE 4130 STEEL SEEET SPECIMENS - Comtinusd

(b) Fr = 2.0
Haximm stress, Fatigua life, Froquancy,
Specimen Sy k81 X, cycles opm Rexarks
B = O

33 m 6 150.2 ———— ————- Btatic tepsile test
39| 6 130.0 - m—— |
c30 M 3 125.0 6 —— Mamually controlled
€33 X1 125.0 8 5
c8m 7 120.0 1 —
C53 1 3 120.0 15 T
C55 RL 1 120.0 19 ——— 4
e 19.0 e ——— ——— Static tensile test and Battelle (ref. 6)
C63 M. 10 100.0 W2 % Automatically comtrolled
ch2m 8 100.0 190 17
ce} n ; 100.0 20% i
chs m 80.0 963 >
e X1 T 80.0 1,075 =
CET W1 3 80.0 1,106 P
&9 m7 38.0 b, 504 53

9 KL 3 53.0 3,T19 52
ch2 ML 9 50.0 9,832 %
o357 M. 2 0.0 5,970 37 4
cxom 9 %0.0 12,000 1,800 Subresonant machines
Cs1 82 B 50.0 27,000 1,100 Battelle (ref. 6)
cg7 82 B 0.0 35,000 1,100 !
c66 1 8 50,0 39,000 1,800 Subresonant mechines
c38 Mk is.0 ,000 1,800
céz B 15.0 3,000 1,100 Battelle (ref. 6)
Cg 82 B 3.0 %3,700 1,100
C13 82 B 38.0 82, 1,200
cha ¥ 5 R 3.0 182,000 1,80 Subresonsnt machines
c32 82 B 32.0 635,000 1,100 Battelle (ref. 6)
34 M1 10 32.0 30,941,000 1,800 Bubresonsnt
Ch 52 B 28.5 1,712,700 1,100 Battelle (ref. 6)
ck7 82 B 27.0 2,153,500 1,100
chs 82 B 2%5.0 >10,46% ,%00 1,100
C33 82 B 25.0 >10, 500,000 1,100

By = 20

61 ML 10 128,0 2 —— Manuelly controlled
ch6 KL 4 128.0 2 ———
ceT M 6 128,0 E ——
c63 XL 1 1£5.0 ——
02 n 6 125.0 T —
chz ML 6 125.0 12 —— L
c3h M. 2 180.0 38 E Automaticslly coutrolled
cs7T ML 5 120.0 =0
Cc5L MLl 120.0 58 %6
c33 ML 8 110.0 275 19
c30 KL 2 110.0 297 19
c66 M. 10 130.0 330 ————
C3h ML 1 90.0 1,%22 26
ch2 m 10 9.0 1,835 5
céT M 7 90.0- 1,868 )
s m 2 90.0 1,95 25
TR 1 7.0 6,376 3k
ceh ML 3 5.0 1350 m————
[ (i T2,5 832 35 v
€199 82 B T2.5 ,000 1,100 Battelle (ref. 6)
89 82 B 70.0 2,500 1,100
C3k 82 B gg.o 28,000 1,100
ceT M 2 .0 16,657 53 Automatically controlled
C55 NL & 63.0 20,000 1,800 Bubresonant mechines
c60 ML 9 65.0 33,000 1,800
Cc22 82 B 65,0 59,700 1,100 Battelle (ref. 6)
Cc2T 82 B 6.0 70,900 1,100
20 82 B 5.0 227,000 1,200
c60 W 6 %0.0 195,000 1,800 Subrescnant machines
1l 82 B 5.0 535,900 1,100 Battelle (ref. 6)
c3TMm 1 b8 290,000 1,800 Sutrescnant machines
c39 M 8 Py ] k64,000 1,800
€36 82 B 7.5 1,002,000 1,100 Battelle (ref. 6)
Cl2 82 B 5.0 >1,%28,000 1,100
o7 E2 B 4.0 1,&,700 1,100
ch2 B2 B 42,3 >10,480,000 1,100
ckl M 8 0.0 >60,38% ,000 1,600 Bubreacnant machines
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TARLE IV.- AXTAL-LOAD FATIGUE TEST RESULTS FOR NORMALIZED
SAE 5130 STREL SEEET SPECIMENS - Concluded

(c) Ep =k.0
Maximm stress, Fa life !
Specimen By, Xsi ;’i‘m Yes rreg_;z::cy, Remarks
Ba=0
-— 129.0 et . Static tensile test and Battelle (ref. 6)
T M 2 128.0 ——— ——— Static tensile test
5 HL 9 128.0 ————— ———
chim 7 12k.0 13 — Manuelly controlled
cho WL 5 12%.0 3 ——
C65 R 1 120.0 5§ mme-
C50 N1 10 120.0 6 —_—
c62m 5 110.0 13 —————
€62 N1 10 110.0 h ——— v
Ch3 X1 2 0.0 10% 19 Automatically controlled
C3T N1 10 0.0 106 ———
C36 K1 § 65.0 589 |  —meem
Csk M1 6 65.0 632 28
C56 WL 10 65.0 87h 29 |
clbg 2 B k2.5 5,500 1,100 Battells (ref. 6)
chk ML 5 425 8,440 k3 Autormatically cantrolled
Cl0k.S2 B k2.5 14,800 1,100 Battelle (ref. 6)
c1l s2 B 37.5 19,700 1,100
Clhk 82 B 37.0 19,000 1,100
C130 82 B 32.5 30,500 1,100
C30 K1 5 32.5 35,000 1,800 Subresonant mechines
€125 82 B 27.5 107,000 1,100 Battelle (ref. 6)
€38 82 B 27.0 2300 1,100
Cl15 S2 B 22,5 269,000 1,100 ,
€38 1. 10 17.5 495,000 1,800 Sul 43
Cl22 82 B 1T.5 537,900 1,100 Battelle (ref. 6}
clk2s2 B 15.0 1,719,000 1,100
C1k5 82 B 12,5 >10,325,000 1,100
8g = X
Ch8 126.5 | mmeme- — ——— Static tensile test
ChT KL 3 125.0 5 —— Manuelly controlied
Ckh WL & 125.0 5 | emeem
c57T M. 6 125.0 T ———
C38 M1 3 100.0 116 ——— Automatically controlled
c3Tm 3 100.0 152 ———
C61 ML 1 100.0 37 ——
Ck3 M1 3 100,0 158 —
CoL HL 5 80.0 ko6 ——
che m. 5 80.0 625 ———
CkT XL 5 80.0 898 ———
CoL ML 7 57.5 k711 k5
Chg M. 10 5T.5 5,857 A8
Cc38 N1 9 57.5 6,486 50
Cl12 82 B 575 11,400 1,100 Battelle (ref, 6)
ClkT 82 B Bie 18,000 1,100
€135 82 B 51.25 27,000 1,100
c3k HL 6 51.0 12,k51 53 Autcmatically controlled
cs2 M 2 5.0 16,000 1,800 Subresonant mechines
cho ML 1 51.0 19,000 1,800 J
Cl29 82 B 5.0 59,000 1,100 Battelle (ref, 6)
€137 82 B h0.0 106,000 1,200 v
CSh NL 1 ko.0 121,000 1,800 Subresonant machines
€106 82 B 37.5 . 13%,000 1,100 Battelle (ref, 6}
C105 82 B 35.0 164,000 1,100
C150 82 B 35.0 161,500 1,100
cui8 g2 B 35.0 202,000 1,100
C132 82 B 32.5 >10,000,000 1,100
€103 82 B 32.5 >0, 287,000 1,100
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TARLE V.- AXTAL-LOAD FATIGUE TEST RESULTS FOR HARDENED SAE 4130 STEREL SEEET SPECIMENS

(2) Xp=1.0
Maximm stress, Fatigue life, Frequency
Specimen Spays ko1 N, cycles cpm Remarks
8p = 0
CT5 NL 1 182.8 2 | cemmmmmemee | e Static tensile test
C68 WL 8 182.5 | meemeeeeee ———
C80 WL L 180.0 2 ] e Menuglly controlled
C70 NL 5 180.0 I em——
C7T9 WL 8 178.0 8 ———
ce8 ML T 178.0 9 | -
C7h WL 1 176.0 T ————
CT7 NL 1L 160.0 T 1n Automatically controlled
CT3 M1 7 160.0 129 1k
C78 N1 8 140.0 3L 16
C69 N1 6 140.0 1,112 16
-------- 139.0 2,000 1,800. Subresonant machines
CT3 W1 8 120.0 3,329 | am~e- Automaticelly controlled.
CTL HL 5 120.0 8,000 1,800 Subresonant machines
CTL WL 1 120.0 10,050 21 Automaticelly controlled
Cth N1 3 104.0 5000 1,800 Subresonant machines
C75 NL 5 | 104.0 64,000 1,800
c80 N1 7 1035.8 80,000 1,800
CT2 WL 7 80.0 127,000 1,800
CTLNL 2 80.0 220,000 1,800
CTh M1 T 80.0 271,000 1,800
C76 M1 & 72.0 486,000 1,800
C69 KL T 72.0 6,126,000 1,800
C69 N1 b 65.0 200,000 1,800
C68 N1 6 63.5 213,000 1,800
C7L N1 6 62.0 1,023,000 1,800
CcT8 WL 6 60.0 >5,238,000 1,800
C76 N1 7 60.0 >8,213,000 1,800 L
S = 50
C69 WL 5 182.0 T6 ———— Manuslly controlled
e75 ML 6 180.0 42 —— Automaticelly controlled
CT5 §L 7 180.0 T | mem—-
C76 WL 1 170.0 280 | eeme-
C80 NL 1 170.0 Lz2 18
CT2 . 8 170.0 550 19._
C68 N1 3 170.0 1,020 18
C3RL3 160.0 4,258 | ~eem-
CT9 N1 3 160.0 1,806 20
C79 ML & 150.0 11,517 22
CT9 ML 5 150.0 11,597 22
C68 RL 1 120.0 27,80 | mmee-
C69 ML 3 120.0 32,275. 3h v
C7T8 N1 3 120.0 109,000 1,800 Subresonant machines
C69 N1 2 120.0 116,000 1,800
C78 ML T 110.0 143,000 1,800
C73 NL 8. 110.0 196,000 1,800
C78 M1 5 105.0 207,000 1,800
C70 N1 & 100.0 >12,897,000 1,800
¢80 WL 6 9.0 >l , 930,000 1,800 ¥
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TABLE V.- AXJTAL-L.OAD FATIGUE TEST RESULAS FOR HARDENED SAE 4130 STEEL SHEET SPECIMENS - Continued

(v) Xp = 2.0
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TABLE V.- AXTAL-I.OAD FATIGUE TEST RESULTE FCR HARDENED SAR 4130 STEEL SHEET SPECIMENS - Concluded

(e) Kp = 4,0
Meximm stress, Fatigue life, Frequency,
Specimen Bmax, ksi N, cycles cpm Remarks
By =0
Cco6T M1 8 199.5 et Static tensile test
c43 NL 5 199.0 | cemmemeeeee | e
C5L N1 9 190.0 2 | eemaa Manually controlied
CigNL 9 190.0 3 | emee-
C61 N1 9 189.0 |  eeemmmemaen ——— Stetic tensile test
C66 NL 7 180.0 10 | 00 eema- Menuelly controlled
ché M 6 180.0 10 | aeene
ché W1 9 180.0 0 | ameae
cko N1 3 160.0 17 | e
Chk WL 3 160.0 25 m———
C62 HL 9 160.0 25 ——— 4
C65 WL & 0.0 43 13 Automatically comtrolled
065 WL 3 140.0 59 13
C52 KL 9 140.0 60 13
C34 M1 9 120.0 110 ——
C6T'NL L 120.0 5 | -
C66 N1 2 120.0 135 | 0 eeee-
Ccha M 2 100.0 253 13
C56 NL 9 100.0 296 18
65 N1 2 80.0 922 22
52 NL 6 80.0 1,300 23
C63 NL 3 80.0 1,338 ——
cko N1 8 50.0 14,180 36 ,
C52 N1 5 50.0 18,000 1,800 Subresonant machines
C63 XL 5 40.0 5,000 1,800
Csh WL 9 30.0 81,000 1,800
cko X 9 30.0 104,000 1,800
C52 N1 10 2%.0 319,000 1,800
CH7 N1 7 20.0 ,000 1,800
056 N1 T 18.0 881,000 1,800
cho NL 7T 15.0 >8,096,000 1,800 v
By = 50 .

C3T AL 6 185.0 13 Manuslly controlled
C61 N1 3 185.0 2L
C6L M1 5 185.0 125
C6L M. 8 160.0 18 17 Autoﬁ:atical'[l.y controlled
C56 N1 8 160.G 99 7
C53 KL 10 160.0 101 17
C59 N1 2 1ko.0 2o 20
cék ML 6 140.0 287 21
G54 NL L4 140.0 319 21
Ch8 NL 5 120.0 T76. 26
chs RL 5 120.0 811 26
ch5 NL 3 120.0 819 23
ekl M 2 100.0 2,440 37
c51 KL 8 100.0 3,07k 38
C52 N1 6, 100.0 3,305 ] emeem
c56 M. 5 80.0 15,659 63

R
C5T N1 5 80.0 18,000 1,800 Bubresonant machines
058 WL L TS50 41,000 1,800
€63 WL 7 T70.0 70,000 1,800
C67 WL b T0.0 125,000 1,800
ckl8 m 3 64,0 206,000 1,800
ch3 ML & 60.0 602,000 1,800
ch2 N1 1 56.0 >10,030,000 1,800 d
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TABLE VI.- FATIGUE LIFE RESULTING FROM MAXTMUM STRESS

EQUAL TO TWO-THIRDS ULTIMATE TENSILE STRESS

Fatigue life, N, cycles, for -
Material Sm, ksi
Kp = 1.0 Kn = 2.0 Kp = 4.0
2024-T3 aluminum slloy o] 9,000 200 22
20 | eemmee- 3,000 200
7075-T6 aluminum alloy o] 3,500 200 22
20 | meemee- 1,%00 130
Normalized SAE 4130 steel 0 3,900 610 130
20 | =mmme- 3,200 4120
Hardened SAE 4130 steel 0 80,000 300 80
50 105,000 1,900 500
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Flgure l.~ Configurations of sheet specimens. Aluminum speclmens,
0.090 inch thick; steel specimens, 0.075 inch thick.
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Figure %.- Regults of axial-load fetigue tests on unnotched
2024-13 aluminum-slloy sheet specimens. Xp = 1.0.
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Figure 5.~ Repults of axlisl-lood fatigue tests on noteched
202415 eluminum-alloy sheet specimens. Xp = 2.0.
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Figure 6,- Results of axisl-loed fatigue teets on notched

2024~T3 alumioum-alloy sheet specimens.

Kp = k.0,

998¢ NI YOVN

62




IOOrl T ]I |t B B 1 1 I m B B I L T T T[T L R R L L R T T [
Mean siresa =0 ksi =
0 Automaticdlly controlied &
&  Monually controBed é
80 L s Q 1,800 cycles par minute =
F N E
E— H Refersnce 4 E
E 0 -
2 L+ Did not fail E
3 E
60 | 3
5 E
E E
Smax, ksl E -3
E_ 1100 cycles per minute, ref.5 3
40F 3
FE a
E 3
20 F 5,
: LI i
3 e
3
;
3
0 E Lt 1 10 S B WEAT) g1l L2 Ll L1 113 AN B REL et 1L ol

10 102 103 104 105 106 107 108

Fatigue lifs, N, cycles

Figure T.-~ Results of axisl-load fatigue tests on unnotched
T0T5~T6 aluminum-alloy sheet specimens. Ky = 1.0.
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Figure 8.- Results of axiel-load fatigue tests on notched
T075-T6 elumimm-alloy sheet gpecimens. Kp = 2.0.
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Figure 9.- Results of axlal-load fatigue tests on notched
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Figure 10.~ Results of axdal-load fatigue tests on unnotched normalized
SAE 4130 steel sheet specimens. Kp = 1.0.
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g8 of axiel-load fatigue tests on potched normalized
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Flgure 12.- Results of axial-loed fatigue tests on notched normalized
SAR 4130 steel sheet specimens. Kp = L4.0.
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Figure 13.- Results of eaxial-load fatigue tests on ummotched hardened
BAE 4130 steel sheet specimens., Kp = 1.0.
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BAE 4130 steel sheet specimens.

Figure 1k4.- Results of axisl-losd fatigue teets on notched hardened
KT = 2-0.
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Figure 15.- Resulis of axial-loasd fatigue tests on notched hardened
SAE 4130 steel sheet specimens. Ky = 4.0.

8¢

90g¢ NI VOVN
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(@) 2024-T3 aluminum alloy.
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Figure 16.- Variation of K with meximum nominal stress of notched

specimen.
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